SUMMARY Seventeen children with previous bacterial meningitis and 17 sib controls were examined clinically and otoscopically. They were also tested with air-conduction and bone-conduction audiometry and evaluated by tympanometry. There were no major neurological abnormalities and few otoscopical signs of ear disease. 21 % of the ears showed abnormalities on air-conduction audiometry but all were normal on bone-conduction audiometry. 30% had abnormal middle-ear pressures (more negative than 100 mm water) on tympanometry and 7% had abnormal compliance of the drum. There were no significant differences on any test between the postmeningitis children and the sib controls. Population studies have confirmed that minor hearing loss due to middle-ear dysfunction is common in children, but is probably temporary in most of them. We have found no excess of middle-ear dysfunction and no sensorineural deafness in these postmeningitis children, but other workers have shown that nerve deafness may occur in association with clinical neurological damage. However, much of the deafness attributed to bacterial meningitis in other studies may well reflect population variability.
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Standard paediatric texts (Forfar, 1973; Nelson, 1975 ) list deafness as a major complication of bacterial meningitis and it is standard practice to test the hearing in the follow-up of children who have had the disease, even though there may be no other signs of residual damage. Significant hearing loss is sometimes found and it is implied that this is the result of an insult to the auditory nerve by the disease process. We can find no series where the hearing following meningitis has been compared with that of controls, so the role of meningitis in causing deafness cannot be considered proven.
The published reports on postmeningitis deafness are inconclusive. Some describe patients treated in the 1940s and 1950s before present regimens of treatment were established (Bergstrand et al., 1957; Teng et al., 1962; Hutchison and Kovacs, 1963) . Some separate out sensorineural hearing loss from other forms of deafness, suggesting that nerve deafness occurred mainly in association with other signs of neurological and psychological damage. In later reports (Sproles et al., 1969; Gamstorp and Klockhoff, 1974; Feigin et al., 1976 ) the methods of testing and the criteria used for hearing loss are not described. Where conduction deafness has been separated from sensorineural hearing loss (Sell et al., Received 23 November 1976. 1972; Fitzhardinge et al., 1974 ) the incidence of sensorineural deafness has been low and usually associated with other signs of neurological damage.
We have tested the auditory function of children who have had bacterial meningitis and sib controls to find whether deafness is a sequel to meningitis and to find whether sensorineural or conduction deafness predominates.
Patients, controls, and methods Seventeen children were chosen from the records of the Mater Children's Hospital, and the Royal Children's Hospital, Brisbane. The criteria were (1) they had had proven bacterial meningitis after the neonatal period but more than 2 years before this study, (2) they were in the age range 5-10 years at the time of the study, (3) they had a sib in the same age range to use as a control, and (4) Northern and Downs (1974) . Middle-ear pressures, drum compliance, and contralateral reflex thresholds were measured for each ear.
The criteria used to indicate impairment of hearing or middle-ear function were as follows. (1) Pure tone audiometry: a hearing level equal to or greater than 25 db was considered abnormal if it occurred at any frequency in either air or bone conduction.
(2) An electroacoustic impedance meter was used to find the pressure within the middle ear and also the mobility of the ear drum. (a) Pressure within the middle ear normally varies between 0 to -100 mm water. A negative pressure >100 mm water was considered abnormal. If the eustachian tube is blocked, air is absorbed in the middle ear and the pressure becomes more negative; the drum becomes deformed and hearing acuity may be significantly decreased. (b) Mobility of the drum can be measured by estimating the change in volume of the external ear with varying applied pressures. The lower limit of normal is taken as 0 3 ml and the maximum as 1 * 5 ml. A volume change of <0 * 3 ml was considered abnormal and usually means decreased mobility and is often associated with structural damage or fluid within the middle ear. (c) The stapedius reflex was used as a test of middle-ear function. If a loud noise is heard the stapedius muscle contracts to make the ear drum less responsive and so protect the ear. Further details of symptomatology of these children will be given in a later paper dealing with neurological and psychological testing and their correlation with the severity of disease.
Otoscopical findings. The eardrums were well seen in 15 patients and 16 controls. In one pair of children the otoscopy was accidentally omitted and in another there was wax which partially obstructed the drum. In 7 drums in 5 children (2 patients, 3 controls), there was scarring and/or opacity of the drum suggestive of old disease; in 2 drums (1 patient, 1 control) there were retraction pockets resulting from old perforation, in 5 drums (3 patients) there was mild inflammation suggesting minor intercurrent ear disease. In all but one of the ears which had otoscopical changes abnormalities were found on audiometric and/or tympanometric testing. These tests also disclosed abnormalities on many ears which were otoscopically normal. function of both ears and also appear to class an excessive number of children as abnormal.
Of the 43 ears with both normal middle-ear pressure and drum compliance, 38 were normal to air-conduction audiometry, and 5 were abnormal. The 3 ears with normal pressure but abnormal compliance all had normal hearing. This is a known normal variant where the drum appears to be less flexible but hearing remains normal (Northern and Downs, 1974) . In the ears with abnormal pressures but normal compliance 9 had normal hearing and 11 were abnormal. In the two ears with both abnormal pressure and compliance the hearing was also abnormal. In these ears there is probably some fluid immobilizing the drum. There is a reasonable, but by no means perfect, correlation between airconduction audiometry and tympanometry which helps to confirm that the hearing loss is of middle-ear origin.
There are therefore three independent indicators that the hearing loss found in the patients and the control children is due to middle-ear dysfunction: the shape ofthe air-conduction audiogram, the difference between the bone-conduction and air-conduction audiograms, and the number of abnormal tympanograms.
Discussion
It is widely accepted that bacterial meningitis can lead to deafness, presumably by damaging the cochlea or the 8th nerve, even in the absence of other signs of neurological damage. We can find no published series where the frequency and type of deafness following meningitis has been compared with controls or with the population at large.
In this series we have found no signs of sensorineural deafness either in the 17 postmeningitis children or in the sib controls. The lack of sensorineural deafness in the subjects could not be due to doubtful diagnosis as all had definite bacterial meningitis. Nor could this favourable outcome be due to mild disease as a number had immediate complications. There was, however, a considerable amount of hearing loss in both patients and controls, shown by audiometry and by tympanometry to be due to middle-ear dysfunction. The use of tympanometry is valuable in confirming the site of the dysfunction (McCurdy et al., 1976) . A possible explanation for these findings is that this group of children was particularly prone to middle-ear disease. This hypothesis seems unlikely as McCurdy et al. have found high levels of middle-ear abnormality on tympanometry in the USA, and V. Smythe (to be published) has found that 20% of 289 'normal' schoolchildren in Brisbane failed on pure tone airconduction audiometry. A number showed abnormalities in the tympanograms, particularly in the reflex thresholds. However, only 1 % showed signs of sensorineural deafness. In some groups such as Australian Aboriginal children, the amount of hearing loss is much greater . These findings are at first sight alarming but it is likely that much of the hearing loss is temporary and probably due to intercurrent infection affecting the middle ear.
We found a considerable amount of hearing loss in children who have had meningitis, but this does not exceed the amount found in sib controls and may in fact be the same as the population at large. There is good published evidence that sensorineural deafness can occur after meningitis, but apparently only when there are other signs of neurological damage. If children who have had bacterial meningitis are to have their hearing tested at follow-up, the testing should be designed to separate sensorineural from conductive hearing loss. At present, there is no evidence that conductive hearing loss is related to bacterial meningitis except in the rare instances where there has been an extension of infection in the ear through the meninges. Middle-ear disease is often temporary, so it is important to identify the type of dysfunction by both pure tone audiometry and by tympanometry, and if in doubt to review the child's hearing at a later date before passing a verdict. 
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